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The recent rapid advances in additive manufacturing have vastly broadened the scope of
manufacturable metamaterials, leading to numerous studies of the mechanical behaviour of various
classes of periodic structures. Among those, smooth shell-based structures - of which the best-known
examples are Triply Periodic Minimal Surfaces (TPMS) - are of particular interest due to their potential
for multifunctional applications. The present study investigates and compares the mechanical behaviour
of three such structures, which are created by minimizing a functional of the principal curvatures 𝑘" and
𝑘# , defined on the membrane:
𝐽 = & (𝑘"# + 𝑘## )# 𝑑𝐴
*

The sets of symmetries and initial conditions considered correspond to the hollow Face-Centered Cubic
(FCC, or octet-truss), Simple Cubic (SC) and Body Centered Cubic (BCC) truss-lattices. The initial
conditions and corresponding solutions are presented in Figure 1. Unit-cell level finite element
simulations are performed, using periodic micro-displacement boundary conditions. Elastic simulations
are used to determine the stiffness matrix of the structures at relative densities down to 1%. These
simulations are also used to obtain estimates of the yield properties for uniaxial, shear and hydrostatic
loadings, assuming that the periodic micro-displacement hypothesis holds. Unit-cell simulations as well
as multi-cell compression simulations, are performed in three loading directions (<100>,<110>, and
<111>) assuming an elastoplastic behaviour corresponding to 316L stainless steel. The numerical
results are successfully validated through the uniaxial compression experiments on 316L specimens at
relative density 10%, 20% and 30% produced via selective laser melting. The main conclusion drawn
from this combined numerical-experimental study is that all three shell-based materials exhibit similar
mean mechanical properties (stiffness, yield strength and energy absorption), despite their different
geometries and anisotropy levels.

Figure 1: (a) Hollow trusses, (b) corresponding smooth shell structures. From left to right: FCC, SC,
and BCC.

